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Macroscopic dark matter refers to a variety of dark matter candidates that would be expected
to (elastically) scatter off of ordinary matter with a large geometric cross-section. A wide range of
macro masses MX and cross-sections σX remain unprobed. We show that over a wide region within
the unexplored parameter space, collisions of a macro with a human body would result in serious
injury or death. We use the absence of such unexplained impacts with a well-monitored subset of
the human population to exclude a region bounded by σX > 10
−8 − 10−7 cm2 and MX < 50 kg.
Our results open a new window on dark matter: the human body as a dark matter detector.
The nature of dark matter remains one of the great un-
solved mysteries of modern cosmology, despite extensive
evidence in its favor[1] as a significant fraction of the en-
ergy density of the Universe at both early and late times.
Macros (macroscopic dark matter) are a form of dark
matter with a relatively large (macroscopic) geometric
cross section that are probably composites of more fun-
damental particles. Such objects are dark because their
large mass implies a low number density and a low inter-
action rate.
An intriguing possibility is that macros could be made
of Standard Model quarks or baryons bound by Standard
Model forces. This suggestion was originally made by
Witten[2], in the context of a first-order QCD phase tran-
sition early in the history of the Universe. A more realis-
tic version was advanced by Lynn, Nelson and Tetradis[3]
and Lynn[4] again, in the context of SU(3) chiral pertur-
bation theory who argued that “the true bound state of
nuclei may have two thirds of the baryon number con-
sisting of strange quarks and that ordinary nuclei may
only be metastable.” Nelson [5] studied the possible for-
mation of such “nuggets of strange baryon matter” in an
early-universe transition from a kaon-condensate phase
of QCD to the ordinary phase. Others have suggested
non-Standard Model versions of such nuclear objects and
their formation, for example incorporating the axion [6].
Such objects would presumably have densities that
are comparable to nuclear density (which we take to be
ρnuclear = 3.6 × 1014 g cm−3). This is much higher than
ordinary “atomic density” (ρatomic = 1 g cm
−3), and
much lower density than black holes. The unconstrained
macro parameter space includes a a wide range of MX
for macros of nuclear density (see [7] and [8]). For macro
masses Mx ≤ 55 g, careful examination of specimens of
old mica for tracks made by passing dark matter[9, 10]
has ruled out such objects as the primary dark-matter
candidate (see Figure 1). For Mx ≥ 1024 g , a vari-
ety of microlensing searches have similarly constrained
macros[11–14]. A large region of parameter space was
constrained by considering thermonuclear runaways trig-
gered by macros incident on white dwarfs[15]. Reference
[16] utilized the full Boltzmann formalism to obtain con-
straints from macro-photon elastic scattering using the
first year release of Planck data. In particular, a suffi-
ciently high dark-matter photon interaction will generate
distinctive features in the temperature and polarization
power spectra at high ` values. Constraints were de-
rived by comparing the spectra to the latest Planck data,
and finding the best-fit cosmological parameters. Prior
work had already constrained a similar range of parame-
ter space by showing that the consequence of dark matter
interactions with standard model particles is to dampen
the primordial matter fluctuations and essentially erase
all structures below a given scale (see e.g. [17]).
More recently, it has been suggested that ultra-high-
energy cosmic-ray detectors that exploit atmospheric flu-
oresence could be modified to probe parts of macro pa-
rameter space[18], including macros of nuclear density
and intermediate mass. It has also been suggested that
the approach applied to mica[9, 10] could be adapted to
a larger, widely available sample of appropriate rock, to
search for larger-mass macros[19].
In this manuscript, we examine the range of parameter
space in which macros would have inflicted lethal injuries
on members of the human population in regions of the
world in which reliable monitoring has revealed no such
signal. Previously, other [20] have considered the effects
of WIMP collisions with the human body, although the
outcome in that scenario was that WIMPs are essentially
harmless.
The closest analogy to a macro collision with a hu-
man being is a gunshot wound. Bullets cause injury
to the human body from a combination of permanent
cavitation, temporary cavitation, and pressure waves[21].
While these are complex processes, it is generally believed
that the overall tissue damage depends primarily on the
kinetic energy deposited in the body. Bullets in general
have muzzle kinetic energies in the range of 100-10000
J[22], but only a fraction of the muzzle kinetic energy is
deposited unless these bullets stop inside the body. To
constrain σx, we will require that macros impacting a
human deposit an amount of energy similar to a gunshot
wound.
Note that we are working with a very different range
of projectile sizes and velocities from typical bullets.
Macros typically have hypersonic velocities (vx ∼ 250 km
s−1) but very small geometric cross sections in our pa-
rameter range of interest (as small as 1 micron2). Hence,
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2their destructive effect is likely to be qualitatively differ-
ent from that of a bullet; a macro impact typically heats
the cylinder of tissue carved out along its path to a tem-
perature of 107 K[18, 19], resulting in an expanding cylin-
der of plasma inside the body. While some studies have
been done on collisions of hypersonic, micron-sized pro-
jectiles with fixed targets[23], these differed significantly
from macro collisions in that the experimental projectiles
were of much lower density, and the targets were “hard”
rather than “soft”. Nonetheless, it is reasonable to take
the kinetic energy deposited by a macro as a threshold
for significant damage to the human body. Energy con-
servation requires that the macro energy ultimately be
deposited in the body in some form, whether mechanical
or thermal, which will result in an equivalent amount of
damage.
As our benchmark for “significant” damage to the hu-
man body, we will take the muzzle energy (100 J[22])
from a .22 caliber rifle. This is the smallest rifle in com-
mon use but is still capable of inflicting serious injury.
Hence we will require at least 100 J to be deposited by
the macro as it traverses a human body.
The energy per unit length deposited by a macro
through elastic scattering, as it passes through a human
body is
dE
dx
=
1
2
σXρv
2
X , (1)
where σX is the geometric cross section of the macro, vX
is its speed, and ρX is the typical density of human tis-
sue. A good approximation for the latter is the density
of water: ρ ∼ 1 g cm−3. Assuming that a macro tra-
verses ∼ 10 cm of a human on average, one can turn the
minimum energy requirement into a requirement on the
cross-section of a macro using (1).
For definiteness, we assume macros possess a
Maxwellian velocity distribution
fMB(vX) =
(
1
piv2vir
) 3
2
4piv2Xe
−
(
vX
vvir
)2
, (2)
where vvir ≈ 250 km s−1. This distribution is slightly
modified by the motion of the Earth[18]. Combining the
minimum macro energy requirement with the macro ve-
locity distribution, we obtain the lower bound on σX for
the blue excluded region in Figure 1.
Constraints on the mass Mx of a macro are derived
from the non-observation of unexplained events resem-
bling gunshots in terms of damage inflicted on the well-
monitored population of most Western countries. The
expected number of macro passages through a popula-
tion of N humans depends on MX .
Nevents =
ρDMNAhumanTevX
MX
≈ 150000 g
MX
,
where ρDM ≈ 5 × 10−19 g cm−3, Ahuman ∼ 1 m2 is the
typical cross-sectional area of a human, N ≈ 8 × 108 is
the population of the US, Western Europe and Canada
and Te is the exposure time, which we take to be 10 years.
Since the impact of a macro on a human is a Pois-
son process, the probability P (n) of n impacts over the
exposure time Te follows the Poisson distribution:
P (n) =
Nevents
n
n!
eNevents . (3)
where Nevents is the expected number of events per in-
terval, as calculated in (3). Having observed no macro-
related deaths over 10 years in this population, we may
constrain Mx ≤ 50000 g at the 95% level; this is the up-
per bound on Mx in the blue excluded region of Figure
1.
The diagonal upper bound in Figure 1 arises at a crit-
ical value of σxMx where significant energy loss takes place
due to atmospheric drag. Macros above this critical value
of σxMx ≈ 10−4 cm2 g are slowed significantly such that any
impact with a human would not transfer sufficient ener-
gies to meet the minimum threshold of 100 J.
Our results constrain macros to physical sizes as small
as several microns and masses less than 50 kg (Fig. 1).
The result of impacts of such small objects on humans
remains an open question[23]. Depending on the outcome
of such results, it is possible that even smaller macros
may also be constrained up to masses Mx ≤ 50 kg. Our
results open a new window on dark matter: the human
body as a dark matter detector.
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Figure 1. Constraints for macros over a wide range of masses
and cross-sections. Constraints in blue (this work) are derived
from the lack of unexplained gunshot-like wounds caused by
a passing macro observed in a large human population. Con-
straints in yellow are derived from a lack of tracks in an an-
cient slab of mica [9, 10]. Constraints in grey are derived from
the Planck Cosmic Microwave Background data considering
elastic macro-photon interactions [16].
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